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KT (Escherichia coli) iRk Rosetta
2 (DE3) ) H Novagen 28 &l , % B & 7] LR B A
BT BRI E K599 (Agrobacterium rhizo-
genes K599) ARl K 2% 28 Ay Bh 22 Ho R 22 B 7k
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pMDI18-T I H TaKaRa KiEHRAF ., PCR XK
Bio-Rad 4= 77 ; 9¢ 6 73 6 G BE 3t RF-5301PC Jy & it
N A7 s Step One Real-time PCR Systerm 4 H
ABI, ExTaq Wil A TaKaRa KiZEA R F , T4 2%
FERG A5 A0 B M 9 U0 Bl R G ST Y Fer-
mentas ATl , RNA f1#2 r H Trizol {7 M H In-
vitrogen 23 ], % 6 F EiIXF] & SYBR Green Real-
time PCR Master Mix I H Appllied Biosisterm 2
A, DNA - FBatbn il 3 ) N AR BB Rk 4 A
FRZN Al 85 H U5 F B bR MEDA A Fermentas 23 H) .
P-96 9L HEN (1-8 A HEM) W Invitrogen 24 ] 2
B AR I A R e 1 B2 19 i I R - Aladdin 28
Gl
12 EREMEBALAMBIHIREF R RNA BJRE

BARPMTHMH 0% OB 5 min, FH
3% NaClO &b 10 min, SR J5 W K e 5~6
WO HESERWMTFHEEKRE 2 hE, FHTS
A 0.5V REEA 1. 2 % 3B 19T L | L 8 TR IR SR
b 22 CHMTHE., MK E 1 cm 470,
BeRh TR T 8 3%, T R IT S B2 Fh M. huakuii
7653R., TR MR N TR EFR BB, HME
28 d, MR, FH Trizol X357 (Invitrogen) +2HBUR J5
& RNA, % DNasel b3 /5 T —80 CIRAE#HI
1.3 AsIB259 X ERiZHEHHE

DI E 28 d BOMR R 41 20 5 RNA A, H
oligo(dT) s 51 I HEAT I % 545 5 cDNA, L3[4 5'-
CATGCCATGGTAATAATTATGGAAGCTAA-
CAATGG-3'#1 5'-CCGCTCGA GCTTTCTCCAT-
TCTGTTTCAGTG-3" PCR 9" 1 2= ¥ {5 5 Bk 9
AsIB259 % T X, § 3% 7= ¥ 2 [l W% A 21k
pMDI18-T,PCR Fl F 80Ef5 . ] Neo I Al Xho 1
XUT 1, 46 A )RR 4 XU U0 R % 3 Gk IR
pET28a(+) 1, 15 2| 41 R ik Ak pET259,
1.4 AsIB259 E X AT HE FHIFEFKRIE

&4 kL pET259 % fb K W #F @ Rosetta
2(DE3) , & [ % PCR FIG U 4010 . 46 £% B0 V5% b+
D, BREUI R 1E B B B 5 B Y S0 B VK L B AR T
20 mL %A 50 mg/L RIREE R MY LB WK E; 77 55
H1,200 r/min ¥R % 55 95 28 %, DL 100 0 3 B it A 2
#| 250 mL LB AR FRFH, 37 C.200 r/min #ik
Yt % Daw 55 0. 4~0. 6, ALY EEH 0. 1
mmol/L # IPTG. 16 C % St % )5 - B O U 4E
T R TR s . b R AR alifh . A5 20 0 8 R

i 2B IE S ¥ T 10 mmol/L MOPS 2% Ml .
15 BEHAEEAMERESHNESHTFIMEINER
GEBFHENE

DEMAEAMIEL G35, et/ E
HEMET 10 mmol/L MOPS (pH 7. 2) & whig
il S b L XM B R 0.5 pwmol /L, BEAT BE i 45 & 3h
F12E 5381 B3 mL BRI A G IAR L A 20
pL P-96 EGHRET (30 pmol/L) i e i 4 0. 2
pmol/ L, 37 B #EAT 2 6 2 . BRI H 343 nm.,
KHHHEK N 378 nm, A hid 5k 10 s N P-96 156
5 AR A

D EAE AN AN E . B3 mL HE4]
AR AT IARE b SR 5 A [ AR 1
P-96 BEWE , M 7€ 2 6 5 BE 1 A8 4k, LR % AsIB259
) MOPS 28 sh 1y % 18,
16 AEHBEKEEFBESEAEANESES
a7

R IR bR 10 29 6 B AS [m) e ik < B2 04 i I 1R A A 7
TGRS A S I 31X 2L i 1T R A4« I TR R LR TR
AMRR (C12) G REMR (C14) JAKJEIR (C16) ., fifi fig
iz (C18) AL (C20) (ILATHR (C22), 43l ixX
SeR M BR R T £ L AR EE 8 3 mmol/L.
FEZEEM A HF A 3 mL 0.5 pmol/L BYEE K , FF
JA 50 pl P-96 R fdi H A& ¥ BE 4 0. 5 pmol/L, Ik
B IC s e R G BEAE . SRS 1) I AR rh fim A [6]
TR R AR A5 12 BE D5 2 A 0 58 S 5t B AR Ak
1.7 AsIB259 B RiFHEHHE

L5l ¥ 5'-GCTCTAGAGCATGGTGAT-

GAACTTCAAAGTTACTA-3" f1 5'-CGGGATC
CCGTTACTTTCTCCATTCTGTTTCAGGT-3'¥"
Wi A BamH 1 1 Xboa 1 BEYIAL S 09 AsIB259
T X ¥ 50, 77 W) 2 MRS s RE B pMT18-T 4.
M EH S5 BamH 1 #1 Xba | XUEGEYI, 1E 0] 3% 32
FME ) W IT # AR pBII21 |, 15 3] M 3% 8 &k
pBI259,
18 ERRKABNSHNEZEERFAUIR

Vo R 2 R AR 23 B A Sy ) T L R A e AR
WARITHE (Agrobacterium rhizogenes) K599, 7F &
£ 100 mg/L KR Z M 50 mg/L % &HE M LB F
M b i . Bk BH M SRR, B2 AW T 100 mg/L
KIRFEZE M50 mg/L HEBE K 20 mL LB AR #
Frf,200 r/min G HE R AR . RIEH 200 pL
WA T 100 mL AEHUERN LB KRS 5=,
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2, ERTCRRE R IR A AsTB259 By MRS RIS P S A 3 A AR 0 T g 21

W35 Do k8 1.0, WK 5 d BT M
TR R I, AR BRI R B 10 min, T
ZRWW G ET MS P 3, bR 3 d
Ji BB A 500 me/L RN T HERM MS H57
bRaksE s g, 243 JHE A BRI RIELT
GUS Ge i, 55 R 5L AR L (i S AR AT AR R B 1~ 3
SRFLIER B, AR5 W MR e A TC TR AE AL VLR 3
7% 3 d Jo RN EF A T M. huakuii 7653R Bk EFT
SRS AL T 28 B 1 B AR X AR

2 ZHRESMH

AsIB259 XA B RIBEH MM E

TR AsIB259 S 7 B R B 4E A sk, R
TR Z AR A K AT B o 3238 I 4R A0 A D G i Joit 45
A, VMG 28 d IHVE 4140 5 RNA h
Hz s RT-PCR #4153 2] L #i {55 Ik AsIB259 44
X3, B K /N R 399 bp. B R B 8 i AL 9K R
B W) 25 A WU K (1A . 43R ROk
pET259 A Nco I Fl Xho 1 XU, Bt A5 A 5E i e,
vk (1B B/RA7 2 4, o 1 44 F 400 bp 4,
F Neo | BAEGUIM 2] 1 554 . 4 WU VI 15 2119 400
bp 447 P . 45 RAUE W 5 AsIB259 58 42—, i
AR HE L)

2 1 M

2.1

A B

A EAE SN AsIB259 5 P (% 35 s 8 5E 11 f vk, Uk GE 1.2,
AsIB259 3 A Agarose gel electrophoresis of AsIB259 without
signal peptide,Lane 1,2:AsIB259 gene; B: 8 4] Jii ki pET259 Y
B Y)BAE . JkGH 1: Neo I A1 Xho 1 SUESYIBAE  JkG# 2: Neo | S
YIKIE B: Enzymatic digestion of recombinant plasmid pET259.
Lane 1:Digestion by Ncol and Xho I ,Lane 2:Digestion by Nco
I . M:DNA marker.

1 KB BERIZEE pET259 W EEYIIIE
Fig.1 The enzymatic digestion of expression

vector pET259

22 ERAEAEXBITEPHRIEFGHK

PR B R G R K pET259 ¥ A K g AT
Rosetta 2(DE3),LL 0.1 mmol/L IPTG %S 16 h,
MR A AR FF b3 D0 UE AR AR R A AT SDS-
PAGE LKA 25 R A M EHEAQ ETBHAAET R
FEA B 2), EAHEAMN C i A His-tag
LR s R = R DA ER Y3 L R A R e I s
ali b5 1) 4 11 SDS-PAGE HL 3k A6 I, 1k /24
15 ku, 5 WUHAHFT .

ka M 1
116.0

66.2
45.0
35.0

23456 78910

25.0

18.4

14.4 AsIB259

VKiE 1. B4 W5 55 B B [ Total proteins of recombinant
strain; PKi8 2. B WA T B RIS 19 135 & 1 Proteins in superna-
tant of the recombinant strain after induction and crushing; ¥k i
3. AW AR IPTG 5 5 19 & % 19 Total proteins of recombinant
strain without induction by IPTG; ki 4~10. 4lifk J5 i AsIB259-
His H 4] % 1 Recombinant AsIB259-His proteins after purification.

B2 AsB259 EREAGHERESRIEN
SDS-PAGE Ha ik & il
Fig.2 SDS-PAGE detection of recombinant protein
AsIB259 expression in E. coli

23 EHEAWMERZEHNZHLE

2420 pl P-96 S CHREN N A 4L AsIB259 &
F U WS T VR 2 16 i J3 L S 3 3 1) 2 Bl R
HABTEIZ R 4 .6 s ZJa i A6 1 2808 A
FEHAIN (& 3) . X — i 0 RR AR 5 T AR AT i
B 1Y 3 CaMBP-10 1 Guerbette 2507 3 18 19 £ %
nsLTP 5 P-96 454 1Y 3l J 2 ith 28 R ik — 2, B9
AsIB259 B AT SR 1 56 5 28 e
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AsiB259 BAERAL P96 &AM N FME
Fig.3 Kinetics of the binding of recombinant
protein AsIB259 to P-96
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24 EAEANIMERESENE

e A8 P I AR ARG P-96 3
BRE M AsIB259 RSP g BT 25 & 06 1, UA &
AsIB259 ) MOPS ZZ sfili /S X B, P-96 7E K %
WP T & e 55 4 0E A nsLTP 40 T M i 7K 25 /¢
528 A TG, PORR KB, AR 2458 2 4 g iR
¥ (P-96) i AR, 2O I K, FRATTH K
45 B F B AsIB259 5 P-96 Y45 4 454 % — s 7Y
FRAE, A8 4 PR BEZE P-96 He 5 A3 N L 9% 06 3% W
MO, H B ROR, Y P-96>1. 2 pmol/L, %G A
SR DIIN
500
400

300
200

—&— X} [ Control
—=-AsIB25945 [ Protein AsIB259
100

9 L
Fluorescence intensity

0.1 0.3 0.5 0.7 0.9 1.1 1.3
P-96/1 ¥ F£/(umol/L)

P-96 concentration
4 EH AsIB2Y BEEHEREAREN
Fig.4 Lipid-binding activity of recombinant
protein AsIB259
25 EAZERSARERBRKRYNEREN
FHARPRICH AR IR 5 P-96 FOL TR 38 4 &5

o HA A RN 5 ' 0 R AR AR L 45 SR R 4% I T TR
YR LA P-96 e 4 AL E A HE T F 45 G hE
TR R A A BE A ) R B — i 25 e (] 5)
5B e BER R IR W RR AR L L i B O 16~ 22
AN ST Y iR T R B 4 45 5 BE ) SO b 16 >
JEF BRI R 3 S S 3 BE T s . oAb, AL H
Xof SR IR AL Rt — S R E Y 2 RO L T G 9 R 1Y
oA RE IR

~ A Jasmonic acid

§ % 100 = [l 7% 1% Abscisic acid
=R ~C12
s 0 —c
ER =C1
235 o =
Y= = e
&z 70 ~(22
=z
£ 90350 100 130 200 250
N Wi PR e B/ (mool /1)
Fatty acid concentration
5 AFEEMEBSER AsIB2Y EANESEEEED
Fig.5 Competition abilities between different fatty acids

binding to the recombinant protein AsIB259

26 AsIB259 BRIEMEZKERLEEREMW
A0

A% FhAR 98 7 M. huakuii 7653R 30 d J& A
FE IR FXF Bk A BUAE PR 4 10 K WA AR . R
Real-time RT-PCR J7 ¥ f U 88 £ 5 80 %, 519
5-TCTTTCTGCTGTTGC-3"  #l  5-CGAGT-
GAGATGACGAGGC-3", 85 K 6 fr s, #HE
ISHR I s AsTB259 11 %% 55 7K 7~ 1 O %o REHR 96 1Y
3.5 % Ui I i B K BB Gk . AR A AL 3R W Y
FIUHE 2R 3K 1Y A MR 34 T 0 4598 Rl S 30 d WL FE Ak
AR b 150 43 B, 8 3 35 A B 5 0 BERE AR R L
PR B2 F AT E (- TA) . BRI 209 A [H)
P - R 4R 20 58 AN BR AR 4 10 AR, SR 1T AR R 45 it
KB R IR AR T X AR R B = B o Dy X B
L5 A8, ZHEMRIE S 6 RMIE S b e W2 2200 (& 7
AC) . VLRI . AsIB259 MRk %459 B
fEHEAEH]

HIXS 154
Relatibve transcript level

S = N W Ak N0 X O
— T T T T T T

X

Control

Overexpression

Pt R RT-PCR Jr i 27 30 d AU b i 8 A 803, %
BN EEAL T 28 30K pBI121 YAR ¥ The transcript level in nodules
at 30 d after inoculation was detected by SYBR quantitative RT-
PCR and nodules transformed by empty pBI121 served as the con-
trol.

AsiB259 FEIRE B RIEE KN
Fig.6 The efficiency assay of AsiB259

& 6

overexpression in nodules

2.7 AslB259 #8 5 ik Xt 1R 768 [E] G B i 1 B R0

ek B2 AR R T 7653R 30 d R A X R R RS R
KRG BUAR AR S 9 bR Y K BT AR R AR )
CRLAG B AR AR ) F £ B ade T v 0 7 1] 50 1 16
PR S5 R (P 8) FR W] 20k MR R 1 (1 460 il 355 G T %
TRAHOR A X IR 2/3, X —&5R 15 2 Fh2e Al
R B M B 0 20 A 41 DU AR AT L AR B A B AR A
T8 B B 22 (E AR 9 [ SR T A T X IR AL TR
I 2 MR RR b 1 AR K AT JC B 22
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B4 BRI S

Nodule number per root

20¢

a
b B
paild MRk
Control Overexpression

A Xt R RIUER 26 3R R Mk 1 MR R B LU AR, LA AR T 25 0k pBI121 9 ik 45 BB bk SR et BR, T R 85 S e RS 30 dL 431 4E 3t 10 BRxt AR
10 R 22 3k A AR A5 20 09 - 948 L R Al B R FE P<<0. 05 /K F 22 57 i ¥ Nodule numbers on control and overexprsion composite

plants. Composite plants transformed with empty pBI121 served as the control. The data represented the average value of ten control

plants or ten overexpression ones at 30 d after inoculation and the data with different letters are significantly different at P<C0. 05;B; %}
AR RIHE 28 T8 R BR 09 25 98 1% 0 Le 3 e R BEORE PR L 7 B R IR HE R Nodulation phenotype of control and overexpression composite plants.
Left: Control, Right: Overexpression plantlets; C: B [& (% J5 # it K Bl L Z2 - X BEHE B , 47« 8 32 3K B AR Magnification of B. Left: Control,

Right:Overexpression plantlets.

B 7 AslB259 @RIENERGEBHWE I

Fig.7 The effect of AsIB259 overexpression on hairy root nodulation
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i H T
Control Overexpression

W9 BRFERN S 30 d X R RE 2R 3K i G B RE Bk I E AR R [
UM XS IRAL N B AL T 28 4k ik pBIL2L BARR AL 3 K After
inoculation for 30 d,nine control and nine overexpression plantlets
were harvested respectively for nitrogenase activity assay. Com-
posite plants transformed with empty pBI121 served as the con-
trol. The data represented the average value of three replicates.

8 AslB259 #B3RiAXt HR I Bl & BB iE Y &0
Fig.8 The effect of AsIB259 overexpression

on root nodule nitrogenase activity
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NP R R R IR AR R I R E A AR
SLRIAY nsL TP 4544 38, 100 H oA nsLTP1 %5 K
., ARBFR K AsIB259 7 K % #F B Rosetta 2
(DE3) th g2 2R iA JF alifl Ik 58 1% & Hf 58 2 oA
nsL TP 14 93 P 10 ELIZ AR 1 0988 R 3k 52 w1 R
e J30 0 [ RO

UER7/E | S Co I g ) IR o (T R <o L .7
Lok A ERMEY I LTP 5N BA R, flinst 5
(Phaseolus mungo) HJ 1 4~ LTP JEKU, 5
(Vigna unguiculata) B por3™® , b F 9k 53k
A R A B fE MeNSEO S fH A 5 HTh fE
AIF 5 — 1 LR S AT 08 . B E) 2009 4F Pii 410 4R
Bt 7 A By a5 I IR B AE MeNS B S8 5 3L AR
A G, B iZ o8 /Nl S MeNS 19 7R
RETHRHAFZIE, TS 5K ZH M 5
PRI A2 e AH G A5 513 I AR i i R e . B
SRIAJE T nsL TP, AsIB259 #1457 % A T MtN5 1)
R R MINS JE T LTP2 5%, 1 AsIB259 J& T
LTP1 1% 95 8 B 2 MN5S 7642 e F R 3%
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ik BAEM AR 34 3235, T AsIB259 HAE MR
FrR Rk X R & A & Z 0] G B A A R 1
Dy tig s Ve AL .

FE 97 J B A ) 1) B AR S R op, LTP AE AR L
PERI A WG S RERZEEM . E 5 205
R S He AT A i K R f K FI IR S 45 & . 2 5
YiBii8 2  . Maldonado 455 42 H LR IF 19 1 4>
nsL TP (DIRD A[ /4 5 1 FE Z (55, H DIR1 7]
Pl 5 1 AR R IR I 43 BAE R AR i X A iR
BG5S, Pii &P W I MiN5 FI DIR1 %
— U8 nsLTP WL R 4L T LTP G — 48 09 &K
1, B AR {5 5 A% 3 AH 56 1) LTP WK % . Buhot
UV LTP B BESE & B0, B8R ml LA £ Fif
B Wil XA R 45 6 AR 2 R SR FTR WS &
AR AW, EAE H AsIB259 FE RS ]
LI SR I R 45 6 o 1 24 0 R 55 A0 S A [ o A o ]
RE U ¥ 2590 RO R B o0 — O I, AR W 5 L 4R
F AsIB259 fE48 = o BAR P 3 18 5 BOMRR i
B I G R AR X S 25 B E R F AT - AsIB259
AR [ A AR R i T BB AL TR B S R AR 5
i AR G, 5 5 M A (L) JE LA EH
1 T FE 48 2= 96 55 GORHE 4 55 A8 B 1) 3 2 11 4
R A SRR T L X SR 2 ) R 7 BEIR AT

& % x W
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Activity in vitro and function of a non-specific lipid transfer protein AsIB259

from Astragalus sinicus in symbiotic nitrogen fixation

LI Yi-xing WANG Jian-yun SHI Xiao-feng CHEN Da-song LI You-guo

State Key Laboratory of Agricultural Microbiology s Huazhong Agricultural University ,
Wuhan 430070,China

Abstract AsIB259 encodes a putative non-specific lipid transfer protein in Astragalus sinicus.
AsIB259 protein was overexpressed in Escherichia coli Rosetta 2(DE3) and the kinetics of the recombi-
nant protein binding to P-96 fluorescence probe was examined. Simultaneously,its capacity of binding to
different fatty acids and fatty acid derivatives was measured as well. Furthermore, the symbiotic pheno-
type associated with AsIB259 overexpression was investigated. The results showed that AsIB259 dis-
played high binding activity toward fatty acids with 16-22 carbon chain length;and its overexpression in
hairy roots led to an increase of 1. 5-fold nodule number, but to a decrease of nitrogenase activity. The re-
sults indicated that AsIB259 may play an important role in nodulation and nitrogen fixation.

Key words non-specific lipid transfer protein; AsIB259; protein expression in vitro; lipid binding

activity; symbiotic nitrogen fixation
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